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| INTRODUCTION
Dipeptidyl peptidase 4 (DPP4) inhibitors, also known as gliptins, are a class of oral hypoglycemic drugs that block the enzyme DPP4 and can be used to treat diabetes mellitus type 2 (DM-II). By inhibiting DPP4, these agents increase incretin levels to inhibit glucagon release and stimulate insulin release, thereby reducing serum glucose levels. The first drug in this class was sitagliptin, which was approved by the US Food and Drug Administration (FDA) in 2006 for use in DM-II. Since then, multiple agents in this class of drugs have been approved for this indication, and the use of this class of drug is on the rise.
Apart from the use of these drugs in the management of DM-II, the role of DPP4 inhibitors in cancer biology has been a topic of interest in many studies. DPP4, also known as cluster of differentiation 26 (CD26), is a cell membrane protein enzyme which cleaves dipeptides from various growth factors and chemokines resulting in their enhanced degradation.
1 DPP4/CD26 is widely expressed on different tissues as well as is present in serum and other body fluids. It plays an important role in tumor biology by acting as a tumor suppressor or activator depending upon the level of expression and its interaction with the microenvironment and selected chemokines. [1] [2] [3] In animal models, DPP4/CD26 expression has been shown to be of prognostic value and is a potential therapeutic target in various malignancies. [4] [5] [6] [7] Of note is that the first phase I clinical trial involving CD26-expressing cancers with an anti-CD26 monoclonal antibody was recently completed and reported prolonged disease stabilization in patients with mesothelioma with good drug tolerance. 8 Barreira da Silva et al 9 showed that in mice models with melanoma, DPP4 inhibition preserved the active form of chemokine CXCL10 which recruits T cells in tumor parenchyma. Their study also provided evidence that the use of a DPP4 inhibitor in combination with a programmed cell death protein 1 inhibitor and cytotoxic T lymphocyte-associated antigen-4 inhibitor enhances antitumor response to immunotherapy regimens. Similarly, Pereira et al showed that in mice models with melanoma, treatment with metformin or sitagliptin showed a significant reduction in the number of metastatic lung nodules. Importantly, the combination of metformin with sitagliptin showed a greater reduction in the number of metastatic lung nodules than treatment with metformin or sitagliptin alone. 10 In the mouse xenograft model with papillary thyroid cancer, sitagliptin use was associated with reduced tumor growth, with the transforming growth factor-β signaling pathway being potentially involved. 5 In contradiction to these findings, Wang et al 11 demonstrated in an in-vivo study that use of DPP4 inhibitors increased the risk of metastasis in colon, hepatic, lung, ovary, and melanoma cell lines. Due to these in-vivo studies showing that DPP4/CD26 inhibition can either deter or facilitate tumor progression, we previously conducted a multi-institutional retrospective study involving patients with advanced airway and colorectal cancers (CRCs) who were being treated for diabetes with DPP4 inhibitors. Our study, which to our knowledge was the first study evaluating the role of DPP4 inhibition on cancers in human subjects, found statistically significant benefit in progressionfree survival and a positive trend in overall survival (OS); however, this benefit in OS did not reach the level of statistical significance, likely due to the relatively small number of subjects included in the study. 12 As a follow-up and to further clarify the role of DPP4 inhibitors in human malignancies, we conducted a national database study in CRC and lung cancer. 
| MATERIALS AND METHODS

| Databases
| Study population
We used International Classification of Diseases for Oncology, third edition (ICD-O-3) codes to identify patients who were diagnosed with colorectal and lung cancer between 2001 and 2013 from SEER 18. 13 We excluded patients in whom cancer diagnosis was from autopsy or death certificates or without pathological confirmation. The study samples were restricted to those with continuous Medicare
Part A and Part B insurance coverage and no HMO coverage 12 months before and 12 months after a cancer diagnosis or until death. Cohort was then selected for patients who were diagnosed with diabetes prior to the diagnosis of cancer. Please refer to Figure 1 for details of cohort selection.
| Dependent and independent variables
Use of DPP4 inhibitors following cancer diagnosis was identified using a generic name and National Drug Codes in SEER-Medicare Part D file. DPP4 inhibitors included in the study were: alogliptin, linagliptin, saxagliptin, sitagliptin, and vildagliptin. We also used the same approach to identify the use of metformin. 
| Study cohorts and statistical analysis
Metformin is another antidiabetic drug, which is widely prescribed and is probably the most common drug used for the treatment of DM-II. It is also is well-established fact that metformin has a role in tumor suppression and improving OS in multiple cancers, including colorectal and lung cancer. [16] [17] [18] [19] To avoid confounding by metformin use, we divided the study cohort into four groups for survival analysis. We classified patients into four groups with respect to use of DPP4 inhibitors and metformin: (a) not on either medication (not DPP4 inhibitors nor metformin; reference group), (b) on metformin only, (c) on DPP4 inhibitors only, and (d) on DPP4 inhibitors with metformin (combination group). We used the Cox Proportional Hazards survival model to assess the outcome of the four groups, controlling for patient's demographic and clinical characteristics. Reference group in our study included diabetic patients with CRC or lung cancer and not on metformin or DPP4 inhibitors.
Bivariate analyses compared baseline characteristics between DPP4 inhibitors users and nonusers using Pearson chisquare tests. The survival time was defined as from the date of cancer diagnosis until date of death or loss of follow-up. The criterion for statistical significance was a P < 0.05. All statistical analyses were conducted using SAS software (version 9.4; SAS Institute, Cary, NC, USA). The University of Florida institutional review board approved this study.
| RESULTS
A total of 26 858 numbers of patients were found to have the diagnosis of diabetes and developed either CRC or Lung cancer. Of 26 858 patients, 11 657 had CRC while 15 201 had lung cancer. Of these, 1786 patients were on DPP4 inhibitors for DM-II. T A B L E 1 (Continued) were on DPP4 inhibitors in combination metformin, and 775 were only on DPP4 inhibitors. Our analysis found that use of DPP4 inhibitors by itself or in combination with metformin improved OS, which was statistically significant. Taking the entire study cohorts of CRC and lung cancers together, patients using DPP4 inhibitors only (n = 775) had hazard ratio (HR) of 0.89 (95% CI: 0.82-0.97, P = 0.007) while the patients with combined use of DPP4 inhibitors and metformin (n = 1011) showed HR 0.83 (95% CI: 0.77-0.90, P < 0.0001).
The analysis was further performed for CRC and lung cancer cohorts independently. In CRC cohort, patients using DPP4 inhibitor only (n = 356) had HR of 0.87 (95% CI: 0.75-1.00, P = 0.055) while patients with combined use of DPP4 inhibitors and metformin (n = 452) showed HR of 0.77 (95% CI: 0.67-0.89, P = 0.003). In lung cancer patients, DPP4
inhibitor only group (n = 419) showed HR of 0.93 (95% CI: 0.83-1.03, P = 0.153) while the group with combined use of DPP4 inhibitors and metformin (n = 559) showed HR of 0.88 (95% CI: 0.80-0.97, P = 0.010).
After primary analysis, we performed further analysis to identify any other demographic, treatment, or cancerrelated variable that was significant in patients on DPP4 inhibitors. In this analysis, we excluded patients who were on metformin to remove this confounding variable. Figure 2 represents a combined cohort of CRC plus Lung cancer patients (n = 17 517), Figure 3 shows analysis for CRC patients (n = 7573), and Figure 4 shows analysis for lung cancer patients (n = 9944). In this analysis, we saw a persistent and significant HR for females and White people in the combined cohort of lung cancer and CRC patients, as well as in lung cancer patients only and CRC patients only cohorts. We F I G U R E 2 HR of patients using DPP4 inhibitor only (n = 775) in interaction with other variables in the study population after excluding patients treated with metformin (n = 17 517). DPP4, dipeptidyl peptidase 4; HR, hazard ratio did find other significant variables, but these findings were not consistent throughout the groups. Please see the attached figures for other variables.
| DISCUSSION
Our study included two groups of cancers, CRC and lung cancers, which have a different clinical course. We included the same group of cancers as we included in our initial retrospective study. 12 With a larger sample size, our present study showed statistically significant HR in the combined cohort of CRC and lung cancer patients. Results showed that DPP4 inhibitor use was associated with an improved OS with a statistically significant HR. This effect was seen with DPP4 inhibitors use, either by itself (HR 0.89) or in combination with metformin (HR 0.83). On analysis of individual cohorts of CRC and lung cancers, results were still statistically significant for the combined use of DPP4 inhibitors and metformin in CRC (HR 0.77) as well as for lung cancer (HR 0.88). However, the results did not meet statistically significant threshold for isolated use of DPP4 inhibitors in separate cohorts of lung and CRC, which we believe is due to smaller sample size. Results were still very encouraging for the CRC cohort with patients treated with DPP4 inhibitors showing a positive trend in improved survival but not meeting statistically significant threshold with HR of 0.87 (95% CI: 0.75-1.00, P = 0.055). In patients with lung cancer, similar analysis showed HR of 0.93 (95% CI 0.83-1.03, P = 0.153), which was not significant. This difference again can be related to the smaller sample size as well as the different clinical course of these two different diseases. We performed detailed analysis for different variables and their interaction with DPP4 inhibitor use as compared to the reference group. Although we did find some subgroups that showed significant benefit from DPP4 inhibitor use such as White race and female gender, the clinical significance of these findings and the underlying mechanism are unclear. It will be interesting to see if these findings can be replicated with larger sample size or prospective trials.
Metformin, which is known to have an adjunctive protective role in malignancy, was again found to be statistically significant in a combined cohort of CRC and lung, as well as separately in each CRC and lung cancer cohort. While the role of metformin is well-established, it was interesting to find that the combined use of DPP4 inhibitors with metformin had a lower HR as compared to metformin or DPP4 inhibitors alone ( Figure 5 ). These findings are consistent in our analysis in a combined cohort of CRC and lung cancer as well as independent cohorts of CRC or lung cancer. Although there is no direct comparison, the comparative improvement of HR for a combination of DPP4 inhibitors and metformin as compared to either drug alone is encouraging and suggests an additive effect on OS of the combination. This finding was also noticed in the in-vivo study by Pereira et al. 10 Our study is based on SEER-Medicare data until 2013 prior to the use of immunotherapy drugs for cancer treatment. It will be interesting to see how DPP4 inhibitors interplay with immunotherapy drugs as suggested by Barreira da Silva et al. 9 As we mentioned before, various preclinical or in-vivo studies have shown the role of DPP4/CD26 in either suppressing or activating tumor cells. We believe that DPP4/ CD26 exerts its effects on tumor cells by interacting with immune cells through chemokines, but exact mechanisms are still unknown. Immune response against tumor cells depends on the infiltration of the tumor microenvironment by T cells, which in turn is guided by chemokines. DPP4/ CD26 cleaves dipeptides from certain chemokines leading to their degradation, which limits infiltration of effector T cell into solid tumors. Thus, inhibition of DPP4 enzymatic activity by DPP4 inhibitors would limit degradation of chemokines, enhance tumor infiltration by T cells, and tumor cell killing.
| Study limitations
SEER database includes data from 19 different geographical areas covering approximately 34% of the US population. Although this dataset includes patient population from diverse demographics and locations, it still does not include the entire US population. 20 Therefore, both data and results might be affected by various local risk factors, including access to health care, and caution should be exerted before generalization. 21 Also, this study is retrospective in nature that carries limitations of a retrospective study and prevent us from drawing direct causal inferences regarding the use of DPP4 inhibitors and survival outcomes. Moreover, our hypothesis of the underlying mechanism of action by enhanced immune response is applicable to any cancer or histologic type. The F I G U R E 4 HR of patients using DPP4 inhibitor only (n = 419) in interaction with other variables in Lung cancer cohort (n = 9944). DPP4, dipeptidyl peptidase 4; HR, hazard ratio sample size was another significant limitation, and we believe larger sample size would have consolidated the positive trends noted in this study to statistically significant findings.
| CONCLUSION
This SEER-Medicare study further establishes the role of DPP4 inhibitors as cancer inhibitory, especially in combination with metformin. We plan to follow these findings with prospective trials.
